Within the framework of an international Bacillus subtilis genome sequencing project, we have determined a 36-kb sequence covering the region between the gntZ and trnY genes. In addition to five genes sequenced and characterized previously, 27 putative protein coding sequences (open reading frame; ORF) were identified. A homology search for the newly identified ORFs revealed that six of them had similarities to known proteins. It is notable that new ORFs belonging to response-regulator aspartate phosphatase (Rap) and its regulator (Phr) families, and response regulator and sensory kinase families of two-component signal transduction systems have been identified. Furthermore, we found that some 180-bp non-coding sequence, that might be an remnant of an ancient IS element, is preserved in at least five loci of the B. subtilis genome. Key words: Bacillus subtilis, gntZ, trnY, DNA sequencing A European and Japanese cooperative program for the systematic sequencing of the Bacillus subtilis genome is in progress. 12 The entire genome sequence is expected to appear in the middle of this year, and it will be the first genome sequence of a free-living Gram-positive bacteria. Our understanding of the biochemistry, physiology and genetics of B. subtilis is second only to that of Escherichia coli. B. subtilis cells become naturally competent under certain growth conditions. This unique property makes insertional mutagenesis of target genes much easier in B. subtilis, than that in E. coli. A new project for the systematic functional analysis of newly identified genes in the B. subtilis genome sequence has already started to understand the whole picture of the bacterial cell.
A European and Japanese cooperative program for the systematic sequencing of the Bacillus subtilis genome is in progress. 12 The entire genome sequence is expected to appear in the middle of this year, and it will be the first genome sequence of a free-living Gram-positive bacteria. Our understanding of the biochemistry, physiology and genetics of B. subtilis is second only to that of Escherichia coli. B. subtilis cells become naturally competent under certain growth conditions. This unique property makes insertional mutagenesis of target genes much easier in B. subtilis, than that in E. coli. A new project for the systematic functional analysis of newly identified genes in the B. subtilis genome sequence has already started to understand the whole picture of the bacterial cell. 3 Our group is responsible for sequencing the region between 344° (gntZ) and 11° (sigH) of the genetic map of B. subtilis. 4 In a previous communication, 5 we reported the 180-kb sequence between trnY (355°) and sigH. This paper deals with the cloning and sequence analysis of the remaining 36-kb region.
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Cloning and Sequencing of the Region Between gntZ and trnY
We used a B. subtilis genomic DNA library described previously 5 to isolate lambda phages containing inserts of the region between gntZ and trnY ( Fig. 1) . Two clones, D29 and D3, were obtained by screening the library using sequences of gntZ and trnY as probes, respectively. Then, a clone, D10, containing an insert covering the gap between inserts of D29 and D3, was isolated by a second screening of the library using the terminal fragments of the D29 and D3 inserts as probes.
The inserts of the three clones were amplified by long polymerase chain reaction (PCR), and subjected to shotgun sequencing as described previously. 5 All the sequences were determined using the Dye-Primer Cycle sequencing Kit and 373A sequencer from Applied Biosystems (CA, USA). We have determined the sequences of both DNA strands, except for the regions whose sequence are already registered in data banks. The 36,201-bp sequence thus determined was deposited in the GSDB/DDBJ/EMBL/NCBI data banks with accession number D78193. 
Analysis of Protein Coding Sequences (ORF) in the 36-kb Sequence
From the sequence data, all six possible reading frames were surveyed for protein coding sequences which started with ATG, GTG or TTG codons preceded by a putative Shine-Dalgarno (SD) sequence. Based on these criteria, 30 putative ORFs were identified (Table 1 ). In addition, we assigned as ORFs two regions where proteins more than 150 aa in size were encoded, although no apparent SD sequence preceded them. The location and direction of translation of the identified ORFs are schematically shown in Fig. 1 , together with the location of putative transcription termination signals.
Five of the ORFs corresponded to genes sequenced and characterized previously: rocDEFR, encoding arginine utilization proteins and a regulator of their expression, 67 and bglA, encoding 6-phospho-beta-glucosidase. 8 In addition, characterization of the ahpCF operon, encoding alkyl hydroperoxide reductase subunits, has recently been published, after the completion of our q l n sequencing. ' Comparison of the aa sequences of the remaining putative ORFs with the non-redundant protein sequence database is summarized in Table 2 . The detailed results of the search are available in BSORFDB data base (http://bacillus.tokyo-center.genome.ad.jp/). YydK protein showed similarities with transcriptional regulators of Escherichia coli and B. subtilis. The adjacent bglA gene was reported to be induced by aromatic beta-glucosides, 8 and the involvement of the YydK protein in the bglA induction is being investigated. The Yydl protein contains an ATP-GTP binding motif and showed similarities to probable ATP transport proteins of Staphylococcus.
In addition, YydH and YydJ proteins are potential membrane proteins containing five transmembrane segments (by PSORT analysis, http://psort.nibb.ac.jp/). Thus, the yydHIJ The same nucleotides as those of a consensus SD sequence, AAAGGAGGTGA, and the initiation codon are indicated by bold letters. products seem to constitute an ABC transport system. YycR showed strong similarities to formaldehyde dehydrogenase (66.3% identity in 404 aa overlap) and formaldehyde dismutase (54.9% identity in 406 aa overlap) of Pseudomonas putida, suggesting its involvement in formaldehyde metabolism in B. subtilis. The RapG protein is the seventh member of response-regulator aspartate phosphatase (Rap) family of B. subtilis. 11 Four of the rap genes reported previously are associated with a small gene, phosphatase regulator (phr), that encodes a peptide which may be secreted from the cell and serve as a quorum sensor by inhibiting the phosphatase activity.
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The amino-domain of each Phr protein is very hydrophobic and the carboxyl domain is hydrophilic. The rapG gene is also followed by a small ORF (phrG) which encodes a polypeptide having the characteristics of the Phr family. These families are unique to B. subtilis and their known biological role is in the fine regulation of sporulation. Experiments are in progress to see if RapG and PhrG have any role in the regulation of sporulation. YycK protein belongs to HtrA/HhoA/HhoB family of serine protease. Three genes each belonging to this family have been identified in E. coli, Haemophilus influenzae, and Synechocystis sp. PCC6803. However, yyck is the only member that has been identified in B. subtilis at present. From the nt sequence, it seemed that the yycK gene constitutes an operon with five additional ORFs, yycF to yycJ, and we have confirmed it by Northern analysis (data not shown). The products of the first two ORFs of the operon, yycF and yycG, belong to the families of response regulator and sensory kinase genes of two-component signal transduction system, respectively. The operon is expressed in the exponential phase of the B. subtilis growth, and the YycF regulator is essential for the growth (unpublished results). The function of the remaining 16 ORFs is unknown. No insertion sequences (IS) and transposons indigenous to B. subtilis have yet been described, and the overall structure of the B. subtilis genome is considered to be very stable. 12 However, comparison of our nt sequence with the non-redundant DNA sequence database revealed that a 180-bp non-coding sequence between rocF and phrG gene is conserved in the non-coding regions of at least 4 other loci of the B. subtilis genome (Fig. 2) . To our knowledge, this is the first report of the existence of repetitive sequence of unknown function in the B. subtilis genome. Duplication of sequences flanking the repetitive regions seems to have occurred in parallel with the acquisition of the repeats, although base changes have been accumulated in the duplicated sequences and the receptive sequences themselves. These results suggested that these sequences might be remnants of an ancient IS element that was active during the B. subtilis evolution.
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